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POWER AMPLIFICATION APPARATUS FOR 
MASSIVE MIMO BASE STATIONS 

BACKGROUND 

0001 Field 
0002 This disclosure is related with Multiple-Input Mul 

tiple Output (MIMO) wireless communication. Specifically, 
it is related to power amplification apparatuses for base 
stations in wireless communication systems which use mas 
sive MIMO. 
0003. Description of the Related Art 
0004 Presently, the amount of wireless communications 
via portable terminals is increasing explosively due to the 
proliferation of Smart phones. Communication that is not 
between persons but rather is between apparatuses (ma 
chine-to-machine) is expected to be prevalent from now on, 
and it is expected that by 2020 machine-to-machine com 
munications will double. 
0005 Research into new communication systems is 
ongoing in anticipation of the increased demand. Now, in 
addition to Long Term Evolution (LTE) research, research is 
ongoing into LTE Advanced (LTE-A) which further 
improves frequency utilization efficiency. LTE-A will be 
proposed as a 5th generation system for the 3rd Generation 
Partnership Project (3GPP). One of the leading techniques in 
LTE-A is massive MIMO (massive MIMO). 
0006 Massive MIMO is a transmission technique which 
uses many (for example, about 100) antennas in one unit of 
a base station, and communicates with multiple (for example 
10) portable terminals simultaneously. 
0007 Massive MIMO can maintain stable communica 
tion, with high spectrum utilization efficiency and can tol 
erate noise and fading signal conditions. Moreover, massive 
MIMO affords channel capacity increases compared with 
conventional MIMO. For these reasons, massive MIMO is 
considered a leading next-generation technology. 
0008 Although massive MIMO was first proposed 
around 2010 in a thesis, research which estimated the 
utilization was not published until the middle of 2013. In 
massive MIMO, in the case that there are a number K of 
terminals (for example K is about ten units) and each bases 
station (BS) has a number M (for example about 100) 
antennas, the channel matrix H becomes K by M in size. 
When each signal vector is multiplier by H' (H is a channel 
matrix and SuperScript “H” denotes the conjugate-transpose 
operation on the matrix) as a way of precoding at the time 
of the transmission on the downlink (DL) path from the BS 
to the terminal, the signal received at the terminal will be 
modelled as H*H'*. 
0009. The non-diagonal elements of the correlation 
matrix H*H is small compared with a diagonal element of 
the correlation matrix, if the correlation between different 
channels is low. 
0010. As a result, the terminal can receive a self-oriented 
signal without performing diagonalization etc. Moreover, 
since the noise Superimposed on the channel has low auto/ 
cross-correlation, the noise is also reduced by the correlation 
matrix and reception which is influenced by signal noise 
(SN) to a lesser extend is achieved as a result. 
0011 Power amplifier (PA) distortion can reduce channel 
capacity, degrading a through-put. One solution has been to 
address the problem and lower the distortion has been to 
back off of the operating point of the PA. This method has 
problems are associated with it. Firstly, the amplifier output 
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falls when the operating point is backed off. In order to avoid 
this and to maintain the output, it is necessary to increase the 
saturation power in order to achieve the back off However, 
when this is done, a large size PA is needed. Even if back off 
is implemented and the saturation power is increased, a 
decline in efficiency occurs. A back off of 1 dB, leads to an 
efficiency that may reach to tens of percentage points which 
is unacceptable. 
0012 Because 100 or more power amplifiers operate 
simultaneously in massive MIMO systems, the decline in 
efficiency of all of the power amplifiers makes the power 
consumption in the whole base station increase, and pro 
duces large environmental problems, such as the generation 
of waste heat. 

SUMMARY 

0013 The inventor recognized the necessity for propos 
ing a new technique which can solve the above described 
problems with the power amplification apparatus for base 
stations in the wireless communications systems which 
utilize massive MIMO transmission. 
0014. According to exemplary aspects, each power 
amplification block of a massive MIMO systems includes: a 
low pass filter (LPF) which generates an average value of the 
input Voltage; a comparator circuit which compares the 
average value with a predetermined reference value; and a 
multiplier which changes the amplitude of the input Voltage 
according to predetermined amplitude change coefficient 
when the output of the comparator circuit indicates that the 
average value of the input voltage exceeds the said reference 
value. 

0015 The average voltage at the input of each power 
amplifier on the transmission side of a massive MIMO base 
station is detected. An input signal Suppression is imple 
mented when the power amplifier receives an average input 
voltage that is more than a predetermined level. In order to 
reduce the distortion accompanying this signal Suppression, 
the amplitude of the input voltage to that PA is changed 
according to a limited predetermined amplitude change 
coefficient. The distortion of the signal regenerated at the 
receiving side of the system is corrected, and the channel 
capacity can be recovered while improving on the deterio 
ration of interference removal operation that is due to 
amplifier Saturation. 
0016. According to another exemplary aspect, a Multi 
Input Multi-Output base station includes a plurality of 
transmitter blocks. Each block includes a time-domain base 
band signal source circuit that generates an output, a low 
pass filter circuit coupled to the base band source circuit that 
filters the output of the base band Source circuit, and a signal 
level adjuster circuit coupled to the base band signal Source 
circuit and the low pass filter and that adjusts the output of 
the base band signal Source circuit based on an output of the 
low pass filter. According to a further exemplary aspect, a 
Multi-Input Multi-Output system includes circuitry that gen 
erates an output signal, low pass filters the output signal to 
generate a filtered output signal, and adjusts the output 
signal based on the filtered output signal. 
0017. According to another exemplary aspect, A method 
for each of a plurality of transmitter blocks in a Multi-Input 
Multi-Output base station includes generating, with cir 
cuitry, a reference Voltage, generating, with the circuitry, a 
plurality of multiplier signals, and determining, with the 
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circuitry, one of the plurality of multiplier signals with 
which to adjust the output signal based on the filtered output 
signal. 
0018. The foregoing paragraphs have been provided by 
way of general introduction, and are not intended to limit the 
scope of the following claims. The described embodiments, 
together with further advantages, will be best understood by 
reference to the following detailed description taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. A more complete appreciation of the disclosure and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by refer 
ence to the following detailed description when considered 
in connection with the accompanying drawings, wherein: 
0020 FIG. 1 is a block diagram of the structure of a 
wireless communications system which uses massive 
MIMO according to exemplary aspects of the present dis 
closure; 
0021 FIG. 2 is a block diagram of a schematic structure 
of a transmitter of the base station of the system shown in 
FIG. 1 according to exemplary aspects of the present dis 
closure; 
0022 FIG. 3 is a block diagram of a more detailed 
schematic of a power amplifier circuit block used in the 
system of FIG. 2 according to exemplary aspects of the 
present disclosure; 
0023 FIG. 4 is an associated set of graphs including a 
upper graph of relative gain versus mean input Voltage for a 
typical power amplifier used in a massive MIMO transmitter 
and a lower graph showing a distribution of mean input 
voltage across a set of power amplifiers in a massive MIMO 
transmitter according to exemplary aspects of the present 
disclosure; 
0024 FIG. 5 is a graph including a plot of an ideal linear 
response of a power amplifier, an actual nonlinear response 
of a power amplifier and a distribution of input voltages for 
an amplifier used in a massive MIMO system according to 
exemplary aspects of the present disclosure; 
0025 FIG. 6 is graph of signal suppression and recovery 
associated with power amplifier distortion according to 
exemplary aspects of the present disclosure; 
0026 FIG. 7A is block diagram of a comparator circuit 
included in the power amplifier circuit block of FIG. 3 
according to exemplary aspects of the present disclosure; 
0027 FIG. 7B is explanatory drawing of how the state of 
the comparator circuit output of the comparator circuit of 
FIG. 7A changes in steps according to exemplary aspects of 
the present disclosure; 
0028 FIG. 8 is a of channel capacity and efficiency 
according to exemplary aspects of the present disclosure; 
0029 FIG. 9 is a graph of a bit error rate according to 
exemplary aspects of the present disclosure; 
0030 FIG. 10A is a block diagram of the structural 
example of a level comparator circuit included in FIG. 3 
according to exemplary aspects of the present disclosure; 
0031 FIG. 10B is explanatory drawing of how the state 
of an output signal of the level comparator circuit shown in 
FIG. 10A changes in steps according to exemplary aspects 
of the present disclosure; 
0032 FIG. 11 is another graph of channel capacity 
according to exemplary aspects of the present disclosure; 
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0033 FIG. 12A is a block diagram of a schematic struc 
ture of the transmitter part of a base station according to 
exemplary aspects of the present disclosure; 
0034 FIG. 12B is the graph of the working of a Look Up 
Table (LUT) used in the system shown in FIG. 12A accord 
ing to exemplary aspects of the present disclosure; and 
0035 FIG. 13 is a graph of the simulation result accord 
ing to exemplary aspects of the present disclosure. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0036 Referring now to the drawings, wherein like ref 
erence numerals designate identical or corresponding parts 
throughout the several views. FIG. 1 is a block diagram of 
the structure of a wireless communications system 100 
which uses massive MIMO. The system 100 includes a base 
station (BS) 102 that has many transmit antennas 104, 106, 
108, 110 including a first transmit antenna 104, a second 
transmit antenna 106, a third transmit antenna 108 and an 
M' transmit antenna 110 which are also labeled Antil 1 to 
Antim. Although only four transmit antennas 104,106.108, 
110 are shown in FIG. 1 to avoid crowding the drawing, the 
number of transmit antennas can be, and often, is higher. 
According to one exemplary embodiment the number of 
transmit antennas denoted M is equal to or greater than 100. 
However other numbers if antennas are possible without 
departing from the scope of the present disclosure. 
0037. The wireless communication system 100 includes a 
number, denoted P of terminals 112, 114, 116 including a 
first terminal 112, a second terminal 114 and a P' terminal 
116. The terminals 112, 114, 116 are also referred to as “user 
equipment and are also labeled UEii1-UEiip in FIG. 1. 
Although only three terminals 112, 114, 116 are shown in 
FIG. 1 to avoid crowding the drawing, the number of 
terminals can be much higher as one of ordinary skill would 
recognize. 
0038 According to one exemplary aspect, each base 
station 102 serves about 10 terminals (e.g., 112, 114, 116). 
Each of the M transmit antennas 104, 106, 108, 110 is 
connected to each of the Pterminals 112, 114, 116 through 
a signal path. Each signal path is labeled by the letter h 
followed by two integer indexes, where the first integer 
index denotes the base station antenna and the second 
integer index denotes the terminal. The integer indexes start 
at Zero for the first antenna 104 and the first terminal 112. 
0039. Orthogonal frequency-division-multiplexing 
(OFDM) is used for downlink (DL) communication and can 
be used for uplink (UL). Other communication schemes are 
also possible without departing from the scope of the present 
disclosure. 
0040 FIG. 2 is a block diagram which shows a schematic 
structure of a transmitter 200 of the base station 102 accord 
ing to an embodiment. In FIG. 2, data “S” 10 is the data to 
be transmitted to a terminal (e.g., 112, 114, 116). The data 
stream includes K segments each of which is to be trans 
mitted to one subscriber unit. Each K' segment of the data 
stream is pre-coded by pre-coding block 20 according to 
equation (2) given herein below. The pre-coding block 30 
supplies output data X identified by reference numeral 30 in 
FIG. 2. Data X is coupled to a set of M (integer value) power 
amplifier circuit blocks 40 each of which drives one of the 
transmit antennas 104, 106, 108, 110 (of FIG. 1) 
0041 Power amplifier circuit block 40 includes an 
inverse fast Fourier transform part (IFFT) 41 which carries 



US 2016/036590.6 A1 

out inverse fast Fourier transform of the data 'X' received 
from block 30, and produces a separate baseband time 
domain signal for transmission for each of the power ampli 
fier circuit blocks. An IFFT output is distributed into two 
signal paths and one of these is input into an input of a 
low-pass filter (LPF) 44. The signal path from the IFFT 41 
is also input into the input of a signal level adjuster (Level 
cntl) 45. An output of the low pass filter 44 from each of the 
power amplifiers blocks 40 is coupled to a single common 
reference voltage generator circuit (Vref gen) 50. 
0042. The reference voltage generator circuit 50 calcu 
lates an average value of the output of all the low pass filters 
44 (each within a different power amplifier circuit block), 
and generates a set of reference Voltages (reference values) 
which are spaced by a predetermined Voltage difference and 
are centered around the average value. That is, the average 
voltage of the output of low pass filters 44 of M power 
amplifier circuit blocks 40 is calculated and a number N of 
different reference voltages Vref are generated from this 
average Voltage, and are coupled to the signal level adjuster 
45 in each power amplifier circuit block 40. The other output 
of low pass filter 44 is input into signal level adjuster 45. An 
output of the signal level adjuster 45 is input into power 
amplifier 47. 
0043 FIG. 3 shows further details of each power ampli 

fier circuit block 40 shown FIG. 2 according to an embodi 
ment of the invention. The parallel-serial conversion of the 
output of the IFFT 41 is carried out by a parallel-to-serial 
converter (P/S) 42. A cyclic prefix is added to the parallel 
to-serial converter 42 output by a cyclic prefix adder (CP) 
43. The output of the cyclical prefix adder 43 is coupled to 
the signal level adjuster 45, and is input into low pass filter 
44 which extracts a direct current part. The direct current 
part VinDC i (i-1-M) extracted by low pass filter 44 is 
coupled to the signal level adjuster 45 and to the reference 
voltage generator circuit 50. 
0044) Within the reference voltage generator circuit 50, a 
number N of reference voltages Vref1-VrefN are calculated 
based on the average value of LPF output VinDC i (i-1-M) 
of the M different amplifier circuit blocks as discussed 
above. These N different reference voltages are used as 
reference voltages of the level comparator circuit (CMP) 
452 in each signal level adjuster 45. The number of reference 
Voltages N can equal one or more than one, for example 
three or any other number as one of ordinary skill in the art 
would recognize. Within the level comparator circuit 452, a 
comparison with each of the reference voltages Vref1 
VrefN and VinDC i (i=1-M) is performed. 
0045 An amplitude change coefficient that is prepared in 
advance is output as a cmpOut signal from the level com 
parator circuit 452. The multiplier 451 multiplies the 
cmpOut signal of the level comparator circuit 452 which 
manifests this amplitude change coefficient by the output of 
the cyclical prefix adder 43. The multiplication result 
becomes a level-controlled output. The level-controlled out 
put is a baseband information signal. The level-controlled 
output is input into a modulating circuit (Mod) 46 which is 
the next stage of the power amplifier circuit block 40 after 
the signal level adjuster 45. 
0046. The modulating circuit 46 includes an oscillator 
462 which produces a reference signal at a frequency f. The 
modulating circuit 46 also includes a multiplier 461 which 
is coupled to the oscillator and receives the references signal 
therefrom. The level-controlled signal output by the signal 
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level adjuster 45 is also coupled to the multiplier 461. The 
multiplier 461 performs modulation and frequency shifts the 
level-controlled signal according to the reference frequency 
f 
0047. A power amplifier 47 is the next stage of the power 
amplifier circuit block 40 following the modulator 46. The 
multiplier 461 of the modulator 46 includes an output which 
is coupled to an input of a power amplifier 47. The modu 
lated signal produced by the multiplier 461 is coupled from 
the output of the multiplier 461 to the input of the power 
amplifier 47. The output of the power amplifier 47 is coupled 
to an antenna 60 so that signals output by the power 
amplifier can be emitted into free space. 
0048 Because massive MIMO transmitters use a large 
number N of antennas, the transmit power per antenna is 1/N 
compared with a single antenna transmitter and therefore the 
design of each transmitter circuit is simplified. However, the 
antenna outputs of the present base station are 43 dBm in 
general, and the efficiency of power amplifier used is about 
40%. When considering using massive MIMO, total trans 
mission power and the power consumption (namely, effi 
ciency) needs to maintain the same value as in the case of a 
single antenna. Therefore, when 100 transmission circuits 
are provided in a base station, the transmission power of the 
power amplifier per transmission circuit becomes 1/100, i.e., 
43 dBm-20 dBm=23 dBm. Because this value is the antenna 
transmission power, when the high frequency electric power 
loss from the power amplifier output to an antenna is 
considered, a desired power amplifier output is 25 dBm-27 
dBm. Therefore a power amplifier of the type used for a 
portable terminal is a potential choice for a massive MIMO 
base station and can satisfy these requirements. A power 
amplifier for portable terminals has a size as Small as 3 
square mm and its price is also relatively low at about 50 yen 
(US S0.41) at present. Therefore, when implementing mas 
sive MIMO with 100 or more transmitters, it is a very strong 
candidate. However, other power amplifier designs are also 
possible without departing from the scope of the present 
invention. 
0049. The issue of distortion also needs consideration. 
The input voltage to a power amplifier is dependent on the 
fluctuation of the signal envelope due to modulation. This 
fluctuation contains an essential part determined by the 
modulation system, and a part determined by precoding of 
the Zero forcing which are used in massive MIMO. 
0050. The upper part of FIG. 4 is a graph including a first 
(solid line) plot of relative gain versus mean input Voltage 
for a power amplifier used in a massive MIMO transmitter 
according to an exemplary embodiment of the present 
disclosure. The broken line plot in the upper part of FIG. 4 
represents the gain (Enhanced gain) which is enhanced at 
high input Voltages in this embodiment. 
0051. The lower part of FIG. 4 is a distribution of mean 
input Voltage across a set of power amplifiers in a massive 
MIMO transmitter corresponding to the case in which zero 
forcing is performed. The average value of input voltage 
across the set power amplifiers differ, and there exists a 
dispersion of 0.1V to 0.5V as shown in the lower part of FIG. 
4. This dispersion corresponded to about 7 dB in terms of 
electric power range. FIG. 4 shows that the power amplifier 
are typically operating nonlinearly. 
0.052 FIG. 5 is a graph including three plots. The abscissa 
of the plot indicates amplifier input voltages in volts. The 
ordinate of the graph shows output voltage in dBV. A first 
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plot (large dashes) shows a linearized response of a power 
amplifier. A second plot (Small dashes) shows the typical 
nonlinear response of a power amplifier. The ordinate 
applies to the first and second plots. A third plot (solid) lines 
shows the distribution of mean input voltage for a power 
amplifier in a massive MIMO system according to an 
exemplary embodiment of the present disclosure. For the 
third plot the ordinate is the probability density of the 
distribution. 
0053 Since the operating range of each power amplifier 
has a range of 7 dB in input, the distortion which is 
generated in the power amplifier differs significantly for 
every power amplifier. Since the transmitted signal is syn 
thesized and received at a receiving end, it can be estimated 
that the behavior becomes extremely complex. 
0054 There is a tradeoff relationship between distortion 
and efficiency. Distortion can include frequency components 
both outside and inside of the transmission band. Although 
the distortion outside the transmission band is removable by 
a filter at the receiver, the in-band distortion is not removable 
by such a filter. Although the in-band distortion degrades 
modulation quality, in massive MIMO, a completely differ 
ent deleterious effect from in-band distortion also occurs. 
The input-output characteristics of a power amplifier can be 
expressed as an amplitude-to-amplitude modulation (AM/ 
AM) characteristic and an amplitude-to-phase modulation 
(AM/PM) characteristic. 
0055 Although these input-output characteristics exhibit 
a linear relationship in the range of a small signals, they 
become nonlinear for large signal ranges. That is, even if it 
is a power amplifier of Small signal gain GdB, a gain 
Suppression term (dltdB) appears at high amplifier outputs. 
The gain becomes GdB-dltdB. This is shown in FIG. 6. 
0056 FIG. 6 is an explanatory drawing of signal Sup 
pression and recovery in a system with power amplifier 
distortion. The graph of FIG. 6 shows the typical AM/AM 
characteristic of a power amplifier by itself as used in an 
embodiment of the invention. All the units are voltages 
(dBVI). The large-dashed line in FIG. 6 shows the change 
of power amplifier output in the case of a linear amplifica 
tion, and a solid line shows the change of the power 
amplifier output PA out in actual amplification. Referring to 
FIG. 6, in the case that the power amplifier input voltage 
vin=Vref1, if the power amplifier were ideally linear the 
output voltage would be at a level Vo2. In actuality the 
output voltage will be set to vol which is reduced by a small 
amount dlt V. 
0057 That is, at the power amplifier output, the funda 
mental wave component of the signal is not identical to the 
signal at the power amplifier input, rather it is Suppressed 
and appears distorted. When the transmitted signal is 
demodulated at the receiver to obtain the baseband signal 
again, the distorted waveform is regenerated which means 
that its peak value becomes lower by dlt IV relative to the 
transmitted signal. Furthermore, since the value of dlt 
changes with transmission power, an estimation of dlt is 
impossible. 
0058. The suppression of the power amplifier output 
means that the value of a corresponding element of the 
channel matrix is reduced by dlt. Because dlt changes with 
transmission power, a channel will have electric power 
dependence. Usually, in massive MIMO, a Zero forcing (ZF) 
and a dirty paper coding (DPC) are applied for the interfer 
ence removal at the receiving side. However, these tech 
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niques are premised on the Supposition that the channel is 
constant. This aspect is again explained with reference to 
FIG. 2. As mentioned above, data “S” of FIG. 2 becomes 
data “X” by pre-coding. As shown in FIG. 2, when a 
Gram-Schmidt matrix is represented as follows with respect 
to the channel H, 

H'*G' is used for pre-coding to obtain the pre-coded 
vector X from the data S according to the following equa 
tion. 

When this signal is transmitted through the channel charac 
terized by H and is received, it turns out that the received 
signal Y becomes the following and it is received correctly. 

Here, when waveform Suppression due to distortion caused 
by the power amplifier occurs, formula (3) changes to the 
form shown in formula (4) shown below which includes a 
diagonal matrix D which has a Suppression dlt by each 
power amplifier in the diagonal elements. 

0059 By the interposition of the diagonal matrix D, since 
G' of (4) formula is not an inverse matrix of H*D*H', 
diagonalization is no longer correctly carried out at the 
receiving side. Interference is produced, and the channel 
capacity deteriorates. 
0060. The channel matrix H is calculated in the normal 
process of channel estimation. A reference signal (pilot 
signal) is used in the case of channel estimation, and the ratio 
of the received and transmitted baseband is used to measure 
the channel. There are at least two ways of carrying out the 
channel estimation. One way is to transmit the pilot signal 
from the terminal, receive it in the base station, and perform 
the channel estimation in the base station. Another approach 
is to transmit the pilot signal from the base station, performs 
channel estimation in the terminal and transmit channel 
estimates back to the base station. Transfer characteristics of 
the transmitter and receiver are also included along with the 
space transfer function (So-called, a path loss, a shadowing, 
a fading) in the channel estimates. Because the power 
amplifier of the base station is used per the first approach, the 
first approach performs separate calibration to model the 
power amplifier. 
0061 The suppression of the signal voltage due to dis 
tortion caused by the power amplifier does not foster chan 
nel regularity, and has a negative influence which disturbs 
interference removal operations. The increase in interfer 
ence causes deterioration of a channel capacity. Control of 
the power amplification apparatus for solving Such a prob 
lem is explained. An outline is explained first. 
0062 Referring again to FIG. 6, suppose that the power 
amplifier input is a signal of average value Vin 
mean1=Vref1. The power amplifier output for this signal is 
vol. The amount of the voltage suppression is vo2-vol=dlt 
v. Now, suppose that the power amplifier input is multi 
plied by a coefficient which increases it to an average value 
Vin mean2. The power amplifier output will be changed to 
vo3. The power amplifier output has recovered by vo3 
vol=cmpVTV. This makes the corresponding element of 
the matrix D in the formula (4) above approximate “1” more 
closely, and improves the effectiveness of the diagonaliza 
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tion operation by inverse-matrix G' in formula (4). That is, 
originally, if D-unit matrix, the interference by distortion 
will not occur. D can be brought closer to being the unit 
matrix by multiplying the input to the power amplifier by a 
coefficient in order to compensate for the drop in the power 
amplifier gain. 
0063 Presently a more detailed account of the function 
ing of the system will be given. 
0064. First, the operation of the reference voltage gen 
erator circuit 50 is explained. Per the embodiment shown in 
FIG. 2, a direct-current component (denoted VinDC i) of 
each IFFT 41 output (denoted Vin i, where index i identifies 
an amplifier circuit block and ranges from 1 to M, the 
number of amplifier circuit blocks which may for example 
be 100) is extracted by the low pass filter 44, and is input 
into the reference voltage generator circuit (Vref gen) 50. 
0065. The following is computed in the reference voltage 
generator circuit 50. 

Vin mean=E(VinDC i)=(Vin 1+...+Vin M)/M (5) 

0066. Here, E (-) symbolizes an averaging function. By 
this embodiment, three types of reference voltages Vref1 to 
Vref3 defined in equations (6-1) to (6-3) are generated based 
on the Vin mean value. 

Vrefl=Vin mean-0.2/K IV (6-1) 

Vrefl=Vin mean V (6–2) 

Vref3=Vin mean+0.12/K V (6-3) 

0067 (While the choice of generating three reference 
Voltages is a Suitable choice, according to alternative 
embodiments a different number of reference voltages are 
generated.) 
0068. Here, the variable K represents a terminal number. 
-0.2/K and +0.12/K are the constants prepared in advance 
based on experiments or system modeling. 
0069. Although the number reference voltages Vref is set 
to three, if there is at least one reference Voltage, step-wise 
control of the power amplifier input according to the mag 
nitude of the power amplifier input will be achieved. Refer 
ring again to FIG.3, in each power amplifier circuit block 40 
the amplitude change coefficient by which input Voltage is 
made to increase. For each i' amplifier circuit block, the 
output of the comparator circuit 452 is set to a value selected 
based on comparison of the low pass filter output VinDC i 
to the reference Voltages generated by the Voltage reference 
generator 50. More specifically, each power amplifier circuit 
block 40 performs the following exemplary algorithmic 
operation according to the comparison result of the low pass 
filter 44 output VinDC i, and the reference voltages Vref1 
Vref3. 

(0) At time if Vinl)C i-Vref1 
The comparator circuit 452 produces a cmpOut output signal 
specifying a default amplitude change coefficient of dlt 0. 
(1) At time of Vreflk=VinDC i-Vref2 
The comparator circuit 452 produces a cmpOut output signal 
specifying a default amplitude change coefficient of dlt 1. 
(2) At time of Vref2<=VinDC i-Vref3 
The comparator circuit 452 produces a cmpOut output signal 
specifying a default amplitude change coefficient of dlt 2. 
(3) At time of Vref3<=VinDC 
The comparator circuit 452 produces a cmpOut output signal 
specifying a default amplitude change coefficient of dlt 3. 
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0070 These dlt change coefficients correspond to sig 
nal amplitude recovery amounts cmpV and give the effect of 
recovering Suppressed power output. The number of objects 
and the values of dlt corresponding to the number of 
objects of Vref can be selected set in advance based on 
experiment or system modelling. 
0071 FIG. 7A is block diagram showing the comparator 
circuit 452 that is included in the power amplifier circuit 
block 40 per the embodiment shown in FIG. 3. Comparator 
circuit 452 includes three internal comparators circuits 72, 
73, 74 including a first internal comparator circuit 72, a 
second internal comparator circuit 73 and a third internal 
comparator circuit 74. Each of the internal comparator 
circuits 72, 73, 74 includes a first input terminal and a 
second input terminal. The first input terminal of each 
internal comparator circuit 72, 73, 74 is coupled to the 
output of the low pass filter 44. The second terminal of each 
internal comparator circuit 72, 73, 74 is coupled to the 
reference voltage generator circuit 50. As shown in FIG. 3 
a connection between the reference Voltage generator circuit 
50 and the comparator circuit 452 includes a number, N lines 
corresponding to the number of reference Voltages. Each of 
the internal comparator circuits receives one of the reference 
Voltages produced by the reference Voltage generator circuit 
at its second input. In response to the applied inputs, the 
internal comparator circuits produce a three bit pattern. The 
outputs of the internal comparator circuits 72, 73, 74 are 
coupled to a set of selection inputs of a selector (multiplexer) 
71. A set of signal multiplication coefficients (voltage sig 
nals) are coupled to a set of four data inputs of the selector 
71. Based on the bit pattern present on the selection inputs 
the selector 71 passes one of the multiplication coefficients 
to an output of the selector 71 which serves as an output of 
the level comparator circuit 452. 
0072 The cmpOut signal output from level comparator 
circuit 452 changes between dlt 0-dlt 3 in steps according 
to the change of VinDC i by making each of the reference 
voltages Vref1-Vref3 into a threshold value, as shown in 
FIG. 7B. The value of coefficients dlt-dlt 3 are set such 
that the output of the level comparator circuit increases as 
VinDC i increases. 
0073. The benefits of the first embodiment that are dem 
onstrated by simulation are discussed below. First, the power 
amplifier to be used is explained. The type of power ampli 
fier that is used in portable terminals is sufficient for the 
massive MIMO transmitter used in this embodiment. At a 
biasing voltage of 3.5 V the efficiency is about 40% and the 
OFDM output is 24 dBm. The saturation powers is 30.6 
dBm. The size of the power amplifier is 3 mmx3 mmx1 mm. 
The price is about 50 yen (S0.41). The semiconductor used 
is InGaP-GaAs-HBT. In this embodiment, this power ampli 
fier circuit was measured to obtain the the actual value of 
AM/AM and AM/PM. It is assumed that all of 100 power 
amplifiers had the same characteristics for the simplicity. 
0074 The system model includes four terminals (each 
terminal has one receiving antenna) placed at random within 
a radius of 500 m from the base station, and it is assumed to 
be the case that there are 100 random scattering points in the 
vicinity of each a terminal. 
0075 Referring again to FIG. 4 as above-mentioned, the 
lower graph of FIG. 4 shows the average (VinDC i, i=1- 
100) of each power amplifier circuit input voltage assuming 
that there are 100 power amplifiers in each BS. Due to 
pre-coding, each power amplifier input shows a different 
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average Voltage. The input to each power amplifier changes 
significantly, and is generally distributed over 0.4V from 
0.2V. The continuous line of the upper graph of FIG. 4 
shows the gain Suppression for the power amplifier. As 
shown the gain Suppression has begun from input Voltage in 
the vicinity of 0.15V. The upper graph of FIG. 4 shows that 
most voltages input into PA are amplified in again Suppres 
sion range. In the case of this embodiment, with the average 
output of all the power amplifier being 26 dBm, the refer 
ence voltages were set as follows Vref1=0.22V. Vref1=0. 
27V, Vref3=0.3V. Moreover, the coefficients dlt n were set 
as follows dlt 0-1.0, dlt 1=1.3, dlt 2=1.4, dlt 3=1.6. 
0076. The broken line showing “Enhanced gain of PA' in 
FIG. 4 results from increasing the power amplifier input 
according to coefficient dlt 1 to dlt 3. 
0077 FIG. 8 is a graph for explaining the effect of first 
embodiment on channel capacity and efficiency. This graph 
is a result of simulation. The horizontal axis of FIG. 8 is an 
average power amplifier output in dBm, the left side vertical 
axis represents a channel capacity (Sum Cap bpS/HZ), and 
the right side vertical axis represents the efficiency (%) of 
the power amplifier. The channel capacity (ZF) when not 
applying teachings of disclosure is represented by the plot 
identified with the square plot points, and the channel 
capacity for the case of overdrive where this teachings of the 
current disclosure were applied is the plot with the circle plot 
points (refer to the left vertical axis in connection with the 
latter two plots). 
0078 Noise in the receiving end was taken as E/No-20 
dB. Here, E/Norepresents noise electric power per energy 
(E)/1 Hz per 1 bit of reception (N). The channel capacity 
(Sum-rate) in the case there there is no nonlinear range under 
these assumptions was 6.5 bps/Hz. Moreover, the efficiency 
of the power amplifier is also plotted (refer to the right side 
vertical axis). 
0079. In FIG. 8, large capacity degradation is not seen 

until the output power level reaches 20 dBm. Up to 20 dBm 
the AM/AM the characteristic of the power amplifier can be 
considered linear. However, at outputs beyond 20 dBm, 
capacity deteriorates progressively with increasing output. 
However, when the output reaches 26 dBm, the sum capac 
ity for the prior art system represented by the square plot 
points has deteriorated to 3 bps/Hz, and the ratio of deterio 
ration to 53%. On the other hand, at the same output power 
of 26 dBm the systems including the teachings of the present 
disclosure represented by the circle plot points has a sum 
capacity of 5 bps/Hz, and a ratio of deterioration of 75%. 
That is, it turns out that interference is reduced by the 
teachings of the present disclosure. Moreover, by operating 
at that output power level one can attain a power amplifier 
efficiency of 40%. 
0080 FIG. 9 is a graph for explaining another effect 
occurring in embodiments of the present disclosure. More 
specifically, it is a graph showing the E/No dependence of 
the bit error rate (BER) before error correction. The hori 
Zontal axis represents Eb/No dB and the vertical axis 
represents BER. The plot in the case of this embodiment 
(“1st Embodiment” in a figure) has the circle plot points. The 
plot for conventional (in the figure “Prior Art (ZF)') is 
identified by the X plot points. It turns out that an improve 
ment in the BER is found by this embodiment. In addition, 
improvement is not found above E/No 30 dB. This is based 
on power amplifier distortion. In this embodiment, since 
power amplifier input is increasing partially, distortion 
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increases. Since a distortion component has the same influ 
ence as noise, E/No which involves the environmental 
reaches a level equivalent to the effect of distortion, and a 
distortion component becomes predominant after that. 
Therefore, E/No dependence after it is lost. 
I0081 For the prior art case, since distortion is about -35 
dB, the fall of BER extends to higher E/N levels. However, 
It becomes an E/No -10 dB to -15 dB grade actually, 
I0082 From this, the behavior in these ranges does not 
become a problem, it is a problem in the range of E/No-20 
dB, and the effectiveness of this embodiment is seen there. 
I0083 Distortion is about -30 dBc in general in average 
adjacent channel leaking electric power ratio (ACPR: Adja 
cent Channel Power Ratio). When this is converted to 
absolute value, it is about -7 dBm at an antenna end 
(antenna output 23 dBm). Moreover, since all 100 power 
amplifiers do not transmit to the same direction, it can be 
said that it is not Superimposed on this. On the other hand, 
since in the conventional case it is ACPR=-45 dBc in 
antenna output 43 dBm when one power amplifier per base 
station is used, for example (3GPP specification), distortion 
electric power will be about -2 dBm. In this embodiment, it 
is lower than this ACPR value. The present condition is 
maintainable even if distortion increases by this embodi 
ment. 

I0084. In the exemplary aspects the output of the low pass 
filter is compared to a single reference voltage Vref. In the 
example of FIG. 10 A Vref=0.2 V. A single predetermined 
constant value (here dlt 4 - 0.7) is used as the amplitude 
change coefficient aside from the default dlt 0-1.0 when the 
low pass filtered signal VinDC i (i-1-100) is greater than or 
equal to Vref. Because Vref is fixed in the second embodi 
ment a reference Voltage generator circuit that generates 
multiple reference Voltages is not needed. 
0085 Aside from the aforementioned difference in 
respect to the reference Voltage generator circuit, and the 
change to the level comparator circuit 452a shown in FIG. 
10, other parts of the second embodiment are the same as the 
first embodiment. In the second embodiment, the change 
coefficient cmpOUT has a default value of 1.0 (no change) 
but is changed to a value less than 1.0 when average value 
of input voltage exceeds a threshold value Vref input into 
comparator circuit 72. A selector 71a selects either the 
default value applied at a first of its signal inputs or a lesser 
value applied at another of its signal inputs depending on the 
result of the comparison of the low pass filtered signal 
VinlC i performed by the comparator circuit 72. An output 
of the comparator circuit 72 is coupled to a control input of 
the selector 71a and the output signal of the comparator 
circuit serves as a selection signal input into a selection input 
of the selector 71a. The selected signal is passed to an output 
of the selector 71a which serves as an output of the level 
comparator circuit 452a, which is denoted cmpOut. As 
shown in FIG. 10B, the cmpOut signal output from com 
parator circuit 452 is a downward step function of VinDC i 
with the downward step located VinDC i=Vref. Thus, 
unlike in the first embodiment, in the second embodiment, 
when the low pass filter output VinDC i exceeds the refer 
ence Voltage Vref, the power amplifier input is temporarily 
reduced by the factor dlt 4 which is less than 1.0. 
0086 According to the exemplary aspects large signals 
can be temporarily shifted down to a portion of the power 
amplifier curve of FIG. 6 that is substantially linear. As a 
result, the Suppression of a fundamental wave is reduced. In 
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this case, when the decrease of PA input Voltage is large, the 
decrease of the fundamental wave may also produce the 
situation of changing a channel. Although, in the second 
embodiment there is only a single step in the cmpOut, 
according to an alternative embodiment a plurality of ref 
erence Voltages corresponding to a plurality of steps down in 
the cmpOut are implemented. 
0087. The results of simulations to assess the channel 
capacity of the second embodiment are shown in FIG. 11. 
The system model is the same as discussed above. Com 
pared with a conventional example, recovery of a channel 
capacity by application of this embodiment is seen from 
average output 17 dBm to 26 dBm. 
0088 Next, a way to effectively linearize a power ampli 

fier circuit input-output relation is explained according to 
exemplary aspects. A linearization assumes the model in 
which an AM/AM characteristic and an AM/PM character 
istic become a straight line to a saturation power. A funda 
mental wave Suppression is avoided by this linearization. 
0089 Although separately linearizing each of many (e.g., 
100) power amplifier circuits is possible, mass-production of 
power amplifier circuits with tight tolerances on character 
istics is achievable. Therefore, linearization can be simpli 
fied by applying the same linearization technique uniformly 
across a large set of power amplifiers in a base station. 
Although many methods might be necessary to achieve 
linearization, when a temperature change and a load fluc 
tuation are considered, an adaptive linearization is needed, 
and at the scale that would be needed in a massive MIMO 
transmitter it becomes very complicated and is not feasible. 
In the case of a base station, there is no load fluctuation, and 
it can assume that the terminal impedances are fixed at 50 
ohms. Moreover, temperature is also well managed and there 
is little necessity to consider temperature variation. There 
fore, it can be said that an adaptive linearization is unnec 
essary. In third embodiment, predistortion using a look-up 
table Look Up Table (LUT) is used to effectively linearize 
the power amplifier transfer function. 
0090 FIG. 12A is a block diagram of a schematic struc 
ture of a transmitter circuit of a base station according to the 
third embodiment. Elements in FIG. 12 which share refer 
ences numerals with the figures described above have simi 
lar functionality and a description thereof is omitted here 
inbelow. In FIG. 12A, the signal input to power amplifier 
circuit block 4.0a is the same as in the case of FIG. 2. 
0091 A Look Up Table (LUT) 49 is inserted between the 
IFFT 41 and the power amplifier circuit 47 inside the power 
amplifier circuit block 40a. Using this LUT 49, the signal 
voltage output from IFFT41 is pre-compensated, and then 
supplied to the to the power amplifier 47. That is, when the 
average value of the input Voltage of power amplifier circuit 
47 is beyond a predetermined reference value, the LUT 49 
(LUT) performs a pre-compensation process for each power 
amplifier 47 so that the amplitude of input voltage may be 
changed according to predetermined amplitude change rate. 
0092 FIG. 12B is a graph in which the vertical axis is 
gain and the horizontal axis is input Voltage. The graph 
includes three plots which are approximately equal up until 
the Voltage reaches a point at which a subject power ampli 
fier response deviates from linear. The lower plot shows the 
non-linear gain of the power amplifier circuit which drops 
below the uniform linear at the aforementioned point. The 
middle plot represents the ideal linear response, and the 
upper plot represents the pre-compensation factor which is 

Dec. 15, 2016 

effectively embedded in the LUT in order to effectively 
linearize the gain of the power amplifier. Although an 
illustration is omitted, another LUT can be used to correct 
phase distortion. 
(0093. The LUT 49 in the above descriptions is the same 
for all of the power amplifier circuit blocks in each massive 
MIMO base station. However when the characteristic dif 
ferences among the power amplifiers are large, a separate 
LUT 49 which has a different transfer characteristic for 
every power amplifier circuit may be prepared. 
0094 FIG. 13 is a simulation result according to exem 
plary aspects of the present disclosure. The graph “LIN 
identified by the triangle plot symbols in FIG. 13 shows an 
exemplary power amplifier circuit as described above. For a 
comparison, the other graphs shown in FIG. 8 are also 
shown in FIG. 13. The linearization performed yields an 
improvement of the channel capacity relative to the prior art 
example (ZF) which is manifested in FIG. 13. Due to hard 
clipping associated with linearization the amount of 
improvement falls offin a high-output region. That is, since 
an output level exceeding the saturated level of the power 
amplifier cannot be generated, the output voltage exceeding 
a saturated level is clipped and this causes waveform dis 
tortion. This phenomenon is due to the inherent capability of 
power amplifier and cannot be avoided. 
(0095. When the 26 dBm output pointmentioned above is 
reached, in the case of the third embodiment (LIN), the sum 
capacity of the third embodiment has deteriorated even in 4 
bps/Hz, and the ratio of deterioration is 61%. In ZF, it turns 
out that the Sum capacity has degraded to 3 bpS/HZ and 
interference is reduced by this embodiment compared with 
the ratio of deterioration being 53%. 
0096. According to exemplary aspects of this disclosure, 
signal Suppression can be recovered by increasing the input 
to a power amplifier in which the Suppression of a signal 
Voltage occurs, and the effect of the Zero forcing for inter 
ference removal can be recovered. Thus small size and 
low-cost and highly efficient power amplifiers for terminals 
can be used for the base stations of massive MIMO systems. 
0097. According to this disclosure, the following meth 
ods and apparatus are presented: 
(1) 
The power amplifier circuit blocks which contain a power 
amplifier are provided, wherein: each power amplifier cir 
cuit block has: 
0.098 a low-pass filter (LPF) which generates the average 
value of the input Voltage, and 
0099 a level adjustment part by which the amplitude of 
the said input voltage is changed when the average value of 
the the input voltage is beyond a predetermined reference 
value. 

(2) 
The power amplification apparatus for massive MIMO base 
stations described in (1) wherein: the level adjustment part 
has: 
0100 a comparator circuit by which the average value of 
the input voltage obtained by the LPF is compared with a 
predetermined reference value, and 
0101 a multiplier to which the amplitude of the said 
input Voltage is changed according to predetermined ampli 
tude change rate according to the output of the said com 
parator circuit when the average value of the said input 
voltage is beyond the said reference value. 
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(3) 
The power amplification apparatus for massive MIMO base 
stations described in (2) wherein: when the average value of 
the said input voltage is beyond the said reference value, the 
coefficient according which said input Voltage is made to 
increase is used for the the multiplier as the amplitude 
change rate. 
(4) 
The power amplification apparatus for massive MIMO base 
stations described in (1) wherein: based on the output of 
multiple low pass filters of multiple power amplifier circuit 
blocks, the average value of all the input voltages of the 
power amplifiers is calculated, and this calculated average 
value is used as the reference value. 

(5) 
The power amplification apparatus for massive MIMO base 
stations described in (4) wherein: a set of reference values is 
generate which have a predetermined Voltage difference 
centering around the average value of all the input Voltages 
of the power amplifiers. 
(6) 
The power amplification apparatus for massive MIMO base 
stations described in (5) wherein: the coefficient to which 
said input voltage is made to increase is Switched between 
value “1”, and at least one predetermined value larger than 
c1", 
according to whether the average value of the said input 
Voltage is in a predetermined input voltage ranges defined by 
reference values. 
(7) 
The power amplification apparatus for Massive MIMO base 
stations described in (2) wherein: 
when the average value of the the input voltage is beyond the 
the reference value, the the multiplier uses a coefficient 
which decreases the input voltage as the amplitude change 
rate. 

(8) 
The power amplification apparatus for Massive MIMO base 
stations described in (7) with which said coefficient includes 
less than one predetermined positive value. 
(9) 
The power amplification apparatus for Massive MIMO base 
stations described in (8) wherein: 
the average value of the said input voltage is included among 
the some input Voltage used to determine the reference 
value, and 
the said coefficient is changed in steps between value “1”, 
and at least 1 predetermined value smaller than “1”. 
(10) 
A plurality of power amplifier circuit blocks each of which 
includes a power amplifier is provided, wherein: 
0102 each power amplifier circuit block has a lineariza 
tion process part which performs a linearization process for 
the power amplifier so that the amplitude of the input voltage 
may be changed according to a predetermined amplitude 
change rate when the average value of the input voltage of 
the said power amplifier is beyond a predetermined refer 
ence value. 

(11) 
The power amplification apparatus for Massive MIMO base 
stations described in (10) in which said linearization process 
part gives predistortion to the said input Voltage. 
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(12) 
The power amplification apparatus for Massive MIMO base 
stations described in (11) in which the said linearization 
process part has a look-up table which produces the predis 
tortion. 
(13) 
The power amplification apparatus for Massive MIMO base 
stations described in (12) using the internal data which 
define the same input-output transfer characteristic as said 
some look-up table within these power amplifier circuit 
blocks. 
(14) 
A Multi-Input Multi-Output base station comprising: 
0103) a plurality of transmitter blocks, each including 

0.104 a time-domain base band signal source circuit 
configured to generate an output; 

0105 a low pass filter circuit coupled to the base band 
source circuit and configured to filter the output of the 
base band Source circuit; and 

0106 a signal level adjuster circuit coupled to the base 
band signal source circuit and the low pass filter and 
configured to adjust the output of the base band signal 
Source circuit based on an output of the low pass filter. 

(15) 
The Multi-Input Multi-Output base station described in (14), 
wherein the output of the base band signal source circuit is 
coupled to a signal input of the signal level adjuster circuit, 
the output of the low pass filter circuit is coupled to a control 
input of the signal level adjuster circuit, and an output of the 
signal level adjuster corresponds to an adjusted output of the 
base band signal Source circuit. 
(16) 
The Multi-Input Multi-Output base station described in any 
one of (14) or (15) wherein the signal level adjuster circuit 
further comprises: 
0107 a reference voltage generator circuit configured to 
generate a reference Voltage; 
signal multiplier circuit configured to generate a plurality of 
multiplier signals; and circuitry configured to determine a 
multiplier signal of the plurality of multiplier signals gen 
erated by the signal multiplier circuit with which to adjust 
the output of the base band signal Source circuit based on the 
output of the low pass filter circuit. 
(17) 
The Multi-Input Multi-Output base station described in (16), 
wherein the circuitry includes a comparator circuit config 
ured to compare an output of the low pass filter circuit to the 
reference Voltage, and a selector circuit configured to select 
one of the plurality of multiplier signals based on an output 
of the comparator circuit. 
(18) 
The Multi-Input Multi-Output base station described in (16) 
or (17) wherein a first of the plurality of multiplier signals 
is greater than a second of the plurality of multiplier signals. 
(19) 
The Multi-Input Multi-Output base station described in (18), 
wherein the circuitry is configured to select the second of the 
plurality of multiplier signals when the output of the low 
pass filter circuit is greater than the reference Voltage. 
(20) 
The Multi-Input Multi-Output base station described in (18) 
or (19), wherein the circuitry is configured to select the 
second of the plurality of multiplier signals when the output 
of the low pass filter circuit is greater than the reference 
Voltage. 
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(21) 
The Multi-Input Multi-Output base station described in (16), 
wherein the signal level adjuster circuit is configured to 
adjust the output of the base band signal source circuit using 
a look up table of predetermined compensation values. 
(22) 
The Multi-Input Multi-Output base station described in (21), 
wherein each of the transmitter blocks further include a 
power amplifier circuit, and the compensation values in the 
look-up table compensate for nonlinearity in the power 
amplifier circuit. 
(23) 
The Multi-Input Multi-Output base station described in any 
of (14) to (22), wherein the signal level adjuster circuit is 
further configured to receive an output from at least one 
other transmitter block. 
(24) 
The Multi-Input Multi-Output base station described in (21) 
further comprising: 
0108 a pre-coder circuit coupled to a data source and 
configured to pre-code data from the data source according 
to the following equation 

(25) 
A Multi-Input Multi-Output system, comprising: 

where H is a channel matrix 
H' is a conjugate transpose of the channel matrix: 

G' is the inverse of G. 

0112 circuitry configured to 
0113 generate an output signal, 
0114 low pass filter the output signal to generate a 
filtered output signal; and 
0115 adjust the output signal based on the filtered output 
signal. 
(26) 
The Multi-Input Multi-Output system described in (25), 
wherein the circuitry is further configured to 
0116 generate a reference voltage, 
0117 generate a plurality of multiplier signals, and 
0118 determine one of the plurality of multiplier signals 
with which to adjust the output 
0119 signal based on the filtered output signal. 
(27) 
A method for each of a plurality of transmitter blocks in a 
Multi-Input Multi-Output base station, comprising: 
0120 generating, with circuitry, a reference Voltage; 
0121 generating, with the circuitry, a plurality of multi 
plier signals; and 
0122 determining, with the circuitry, one of the plurality 
of multiplier signals with which to adjust the output signal 
based on the filtered output signal. 
(28) 
The method described in (27), further comprising: 
0123 generating, with the circuitry, a reference Voltage; 
0.124 generating, with the circuitry, a plurality of multi 
plier signals; and 
0.125 determining, with the circuitry, one of the plurality 
of multiplier signals with which to adjust the output signal 
based on the filtered signal. 

Dec. 15, 2016 

(29) 
The Multi-Input Multi-Output base station described in any 
one of (14) to (24), wherein the base station includes at least 
one hundred transmitter blocks. 
I0126. As mentioned above, although preferred embodi 
ment of this disclosure were described, it is possible to make 
various modification and changes other than those men 
tioned above. That is, it is understood that various modifi 
cations, combinations, and other embodiment may naturally 
arise for those skilled in the art with a design or another 
element as long as it exists in claims or a range equal to 
claims. 
I0127 Thus, the foregoing discussion describes exem 
plary embodiments of the present disclosure. As will be 
understood by those skilled in the art, other of the inventive 
features described herein may be made and/or practice 
without departing from the spirit or essential characteristics 
thereof Accordingly, the present disclosure is intended to be 
illustrative, but not limiting. The disclosure, including any 
readily discernible variants of the descriptions herein, 
defines, in part, the scope of the foregoing claim terminol 
ogy Such that no inventive subject matter is dedicated to the 
public. 

1. A Multi-Input Multi-Output base station comprising: 
a plurality of transmitter blocks, each including 

a time-domain base band signal source circuit config 
ured to generate an output; 

a low pass filter circuit coupled to the base band source 
circuit and configured to filter the output of the base 
band source circuit; and 

a signal level adjuster circuit coupled to the base band 
signal source circuit and the low pass filter and 
configured to adjust the output of the base band 
signal source circuit based on an output of the low 
pass filter. 

2. The Multi-Input Multi-Output base station according to 
claim 1, wherein the output of the base band signal source 
circuit is coupled to a signal input of the signal level adjuster 
circuit, the output of the low pass filter circuit is coupled to 
a control input of the signal level adjuster circuit, and an 
output of the signal level adjuster corresponds to an adjusted 
output of the base band signal Source circuit. 

3. The Multi-Input Multi-Output base station according to 
claim 1 wherein the signal level adjuster circuit further 
comprises: 

a reference Voltage generator circuit configured to gener 
ate a reference Voltage; 

a signal multiplier circuit configured to generate a plu 
rality of multiplier signals; and 

circuitry configured to determine a multiplier signal of the 
plurality of multiplier signals generated by the signal 
multiplier circuit with which to adjust the output of the 
base band signal source circuit based on the output of 
the low pass filter circuit. 

4. The Multi-Input Multi-Output base station according to 
claim 3, wherein the circuitry includes a comparator circuit 
configured to compare the output of the low pass filter circuit 
to the reference Voltage, and a selector circuit configured to 
select one of the plurality of multiplier signals based on an 
output of the comparator circuit. 

5. The Multi-Input Multi-Output base station according to 
claim 3 wherein a first of the plurality of multiplier signals 
is greater than a second of the plurality of multiplier signals. 

6. The Multi-Input Multi-Output base station according to 
claim 5, wherein the circuitry is configured to select the 
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second of the plurality of multiplier signals when the output 
of the low pass filter circuit is greater than the reference 
Voltage. 

7. The Multi-Input Multi-Output base station according to 
claim 5, wherein the circuitry is configured to select the 
second of the plurality of multiplier signals when the output 
of the low pass filter circuit is greater than the reference 
Voltage. 

8. The Multi-Input Multi-Output base station according to 
claim 3, wherein the signal level adjuster circuit is config 
ured to adjust the output of the base band signal Source 
circuit using a look up table of predetermined compensation 
values. 

9. The Multi-Input Multi-Output base station according to 
claim 8, wherein each of the transmitter blocks further 
include a power amplifier circuit, and the compensation 
values in the look-up table compensate for nonlinearity in 
the power amplifier circuit. 

10. The Multi-Input Multi-Output base station according 
to claim 1, wherein the signal level adjuster circuit is further 
configured to receive an output from at least one other 
transmitter block. 

11. The Multi-Input Multi-Output base station according 
to claim 8 further comprising: 

a pre-coder circuit coupled to a data Source and config 
ured to pre-code data from the data source according to 
the following equation 
X=HF 4G-1 *S 

where H is a channel matrix 
H' is a conjugate transpose of the channel matrix: 
G=H*HF 

G' is the inverse of G. 
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12. A Multi-Input Multi-Output system, comprising: 
circuitry configured to 

generate an output signal, 
low pass filter the output signal to generate a filtered 

output signal; and 
adjust the output signal based on the filtered output 

signal. 
13. The Multi-Input Multi-Output system according to 

claim 12, wherein the circuitry is further configured to 
generate a reference Voltage, 
generate a plurality of multiplier signals, and 
determine one of the plurality of multiplier signals with 

which to adjust the output signal based on the filtered 
output signal. 

14. A method for each of a plurality of transmitter blocks 
in a Multi-Input Multi-Output base station, comprising: 

generating, with circuitry, a reference Voltage; 
generating, with the circuitry, a plurality of multiplier 

signals; and 
determining, with the circuitry, one of the plurality of 

multiplier signals with which to adjust the output signal 
based on the filtered output signal. 

15. The method according to claim 14, further compris 
1ng: 

generating, with the circuitry, a reference Voltage; 
generating, with the circuitry, a plurality of multiplier 

signals; and 
determining, with the circuitry, one of the plurality of 

multiplier signals with which to adjust the output signal 
based on the filtered signal. 

16. The Multi-Input Multi-Output base station according 
to claim 1, wherein the base station includes at least one 
hundred transmitter blocks. 
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